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abstract

PURPOSE Our objective was to evaluate operating characteristics, particularly specificity and positive predictive
value (PPV), by mapping plasma miR371 expression to actual clinical events in patients with a history of germ
cell tumor.

PATIENTS AND METHODS One hundred eleven male patients with a history of or newly diagnosed germ cell
tumors were evaluable. Biospecimens obtained before confirmed clinical events were analyzed for miR371
expression with blinding of providers and laboratory personnel to analytic results or clinical status, respectively.
Cases (patients with clinically confirmed active germ cell malignancy [aGCM]) and controls (patients with no
clinically confirmed aGCM) were assigned over the course of the management. Patients were assigned risk
status (high, low, or moderate) based on the composite clinical picture at time points in management.

RESULTS Considering all cases and controls and results of prospectively obtained biosamples analyzed for
miR371 expression, 46 (35%) of 132 samples had clinically confirmed aGCM over the course of management;
44 (96%) of these 46 patients had plasma miR371 expression (true positives) with no false positives. Two (4%)
of 46 patients had no miRNA expression despite pathologic confirmation of aGCM (false negatives). Plasma
miR371 expression in confirmed aGCM had a specificity, sensitivity, positive predictive value, and negative
predictive value of 100%, 96%, 100%, and 98%, respectively. Interpretation of sensitivity and negative pre-
dictive value is limited by modest follow-up. Specificity and sensitivity were 100% and 98%, 100% and 92%,
and 100% and 97% in the low-, moderate-, and high-risk groups, respectively, with a median follow-up time of
15 months.

CONCLUSION Plasma miR371 expression predicts aGCM with high specificity and positive predictive value.
Although other operating characteristics of miR371 await longer follow-up for more complete definition, the
findings of a highly specific liquid biopsy strongly support moving forward with large-scale, real-world clinical
trials to further define full operating characteristics and to identify clinical utility and areas of patient benefit.

J Clin Oncol 37:3090-3098. © 2019 by American Society of Clinical Oncology

INTRODUCTION

During the past 45 years, therapeutic management of
germ cell tumors (GCTs) has progressively improved to
the point that now we can anticipate that more than
95% of patients presenting with a newly diagnosed
GCT will ultimately be cured and most will have a high
quality of life with a near normal life expectancy.1

There remain unmet needs in terms of reduction of
late effects and patient burden, cancer care delivery,
and access improvement.

Largely in the realm of developmental biology and
pathology, certain families of microRNAs have been
discovered that are nearly invariably present in tumor
tissue from patients with active germ cell malignancy
(aGCM).2-5 Importantly, a number of investigators have
found that aGCM either leaks or releases a specific

microRNA, miR-371a-3p (miR371), that can be re-
liably detected in serum and plasma.6-9 miR371 is
involved in regulation of embryonic stem-cell differ-
entiation and is the leading candidate for develop-
ment as a liquid biopsy, high-fidelity biomarker.2,10 A
number of retrospective studies suggest that serum
miR371 expression may have some characteristics of
an ideal biomarker.6,7,9 High specificity has been
consistently reported in early studies.8,11 miR371 is
stable in serum and plasma by virtue of its secretion in
a protein–microRNA complex and is stable for years in
frozen samples.12 Serum, plasma, or tissue miR371
expression is seen in nearly all patients with intact
primary GCTs.6,9,13,14 Expression disappears rapidly in
most patients with clinical stage I disease after removal
of the primary tumor13,15 and persists or increases in
patients with known untreated metastatic disease.9,14
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This elegant work has been largely unadvertised in clinical
realms but recently caught the attention of the clinical
academic GCT community. This community began to
understand the potential clinical utility of a very specific,
easily measured circulating biomarker and to design
clinical trials that map behavior of these biomarkers during
management of GCTs (ClinicalTrials.gov identifier:
NCT03067181). These trials, in aggregate, should clarify
the role of the lead candidate biomarker, miR371; provide
biorepositories with expert annotation for further develop-
ment of new circulating biomarkers as clinically useful; and
improve care delivery in GCTs. Lead pilot trials have re-
cently been completed or are nearing completion in North
America and Germany and through the Swedish/Norwe-
gian GCT Consortium.

We report a limited institutional North American study
mapping plasma miR371 expression to actual clinical
events in patients with GCT. The primary objective was to
define the rate of true positives (TPs) and false positives
(FPs) and the positive predictive value (PPV) of miR371
expression in patients with GCT at variable risk for aGCM.
The intent was to provide data and practical experience to
inform the design and development of large, real-world
definitive studies with a goal to fully develop miR371 ex-
pression as a possible reliable liquid biopsy for patients
with aGCM.

PATIENTS AND METHODS

Trial Design and Iterative Adjustments

Our trial was designed with several assumptions, which are
outlined in detail in the Data Supplement. This pilot trial was
never intended to be definitive but could provide valuable
information and experience to inform the design and de-
velopment of a definitive, prospective, real-world trial. A fit-
for-purpose design using prospective collection with blin-
ded and retrospective analysis of plasma miR371 ex-
pression after expert validation of clinical events of interest
was used. This prospective-retrospective design removed
the possibilities of biased interpretation of results and the
potential influence of overall results by patient selection. Of
note, this trial design using only patients with GCT and
prospective collection of an integrated biomarker with
retrospective laboratory analysis is the design used by all of
the large ongoing trials.

Early results of non–time-dependent end points (miR371
TPs in patients with clinically confirmed aGCM and no FPs)
and, serendipitously, the discordant results (miR371 true
negatives [TNs]) in patients who were presumed on clinical
grounds to have aGCM (Fig 1) were pivotal in terms of
heightening focus, accelerated our development of large
definitive clinical translational studies, and prompted ad-
ditional collaborative efforts with other major GCT centers.
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FIG 1. Clinical details of patients with true-negativemicroRNA results. Three patients presented with obvious clinical
signs of germ cell tumor but no clinical confirmation of active germ cell malignancy (aGCM) and true-negative
miR371 results. The first patient (from the top) was older, had pathologically confirmed testicular seminoma, and
developed enlarged retroperitoneal lymph nodes (stage IIA) with negative tumor markers and confirmed growing
pattern of the tumor by two sequential computed tomography scans. miR371 was checked after orchiectomy and
was negative. A biopsy of the retroperitoneal lymph nodes revealed the presence of a follicular lymphoma. The
second patient was diagnosed with extensive metastatic germ cell tumor. The pathology of the primary testis cancer
showed a transformed teratoma; lactate dehydrogenase (LDH) was the only elevated tumor marker, and themiR371
was negative. After the chemotherapy, the residual tumor was resected, and the pathology showed only transformed
teratoma. The third patient had a large mediastinal mass. A biopsy showed fibrosis, and he had low positive
a-fetoprotein (AFP; 13 mg/L). miR371 was negative. After chemotherapy, his AFP was stably low (16 mg/L), and the
pathology of the residual mass showed fibrosis only. RPLND, retroperitoneal lymph node dissection.
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With early evidence of uniform TPs and the lessons learned
from three TNs, we realized there could be major practice-
changing potential and favorable patient impact of miR371
expression analysis even if the only outstanding operating
characteristic was high specificity and PPV for aGCM. Our
pilot trial was refocused on important clinical scenarios with
variable risk of aGCM in which a highly specific test would
have maximum clinical utility and reduce uncertainty (eg,
stage IIA disease, clinical stage I postorchiectomy and
postchemotherapy residual radiographic abnormalities). In
parallel, using the strong, early clues from our exploratory
trial, we began to design and develop a definitive large real-
world translational trial. SWOG concept S1823 was ap-
proved by the National Cancer Institute Division of Cancer
Prevention in March 2019.

Eligibility Criteria, Recruitment, and Data and

Specimen Flow

Our study was approved by the British Columbia Cancer
(BCC) Ethics Board (H16-00934; date of approval: June
16, 2016). Eligibility included a new diagnosis or history of
GCT. Patients were primarily identified through the Multi-
disciplinary Testicular Cancer Program at BCC, but later
recruitment included BCC satellite clinics and the Hunts-
man Cancer Institute (Salt Lake City, UT) through approval
by Huntsman Cancer Institute Institutional Review Board
and material transfer agreements. Although generally
consecutive patient enrollment occurred at BCC, it is likely
that satellite clinic contributions, although still prospective,
were not consecutive (Fig 2).

Specimen Characterization Collection and Processing and

miR371 Extraction, Analysis, and Assay Validation

Blood samples were drawn in Cell-Free DNA BCT tubes
(Streck, La Vista, NE) and processed and frozen as plasma
aliquots, followed by analysis using microRNA extraction
and analysis methods, as previously reported.11 Details of
collection, processing, microRNA extraction, and analysis
are available in the Data Supplement. miR371 expression
was first quantified and reported as relative increase in the
expression compared with negative controls by using the
DDCt method. Results were classified as either detectable
miR371 expression or no expression. Cut point determination
is outlined in the Data Supplement.

Statistics Analysis

The receiver operating characteristic curves with the def-
inition of the corresponding area under the curve, sen-
sitivity, specificity, PPV, and negative predictive value
(NPV) were established for miR371 and compared with the
same parameters for computed tomography (CT) scans,
b-human chorionic gonadotropin (b-HCG), a-fetoprotein
(AFP), and lactate dehydrogenase (LDH). The repeatability
and reproducibility of the results were evaluated by cor-
relation coefficient and Pearson analyses. The data were
analyzed using GraphPad Prism 6 (GraphPad Software,
San Diego, CA).

RESULTS

Patient Characteristics

Overall, 132 samples from 111 male patients with a di-
agnosis of seminoma or nonseminoma were analyzed. One
patient was partially unevaluable because of a missing
postchemotherapy, pre–retroperitoneal lymph node dis-
section sample (Fig 2).Twenty-one patients contributed to
the specimen risk designation with two samples collected at
two different clinically relevant time points (before and after
orchiectomy, n = 3; or before and after chemotherapy,
n = 18) and, therefore, were independently considered for
the final analysis (Data Supplement).

Operating Characteristics of miR371 in Cases With

a History of GCT and Subsequent Confirmed aGCM and in

Controls With History of GCT and No Evidence of aGCM

Over the Course of Management

Weused a case-control construct, where cases were patients
with a history of GCT who subsequently developed clinically
confirmed aGCM and had a prospective biosample obtained
in proximity to clinical confirmation and controls were pa-
tients with a history of GCT who had a prospective biosample
available but never developed a relapse with aGCM. Controls
could only be designated retrospectively after sufficient time
had passed after biosample collection.

Individual swim lane plots visualize the time course of sample
acquisition, clinical events, and coding of cases versus
controls, and patients were clustered into low-, moderate-, or
high-risk groups for harboring aGCM (Data Supplement).
High-level characteristics (tumor size, pathology, stage, and
marker elevation grouped by risk clusters) of all enrolled
patient reflect a general GCT population (Data Supplement).

The case-control construct across 132 risk designations
relative to miR371 expression with the operating character-
istics calculated to date (June 15, 2019) is provided in
Table 1. Median follow-up times for the low- and moderate-
risk groups were 14.5 months (range, 4 to 35 months) and
15 months (range, 5 to 25 months), respectively. Across 111
evaluable patients enrolled and 132 evaluable risk designa-
tion settings, 46 (35%) of 132 had clinically confirmed aGCM
(gold standard confirmation by progressive imaging changes,
pathology, and/or definitive or increasing classic marker el-
evation). Forty-four (96%) of 46 patients with confirmed
aGCMhadmiR371 expression demonstrated in prospectively
obtained blood samples (44 TPs; no FPs; specificity, 100%).
Two of the 46 patients had confirmed (AFP . 400 mg/L and
increasing, n = 1) or pathologically proven (n = 1) aGCM (Data
Supplement) but had miR371 expression in the range de-
fined as no expression (two FNs; sensitivity, 96%;NPV, 98%).
The expression of miR371 in the case and control groups
using a qualitative or quantitative relative expression of
miR371 is shown in Figures 3A and 3B, respectively.

Validation of reproducibility and repeatability of miR371
analysis was also performed. High concordance between
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two independent experiments conducted in the same lab-
oratory and in two different laboratories was observed
(Pearson r = 0.97 and 0.90, respectively; Data Supplement).

Whole-Disease Results, Characteristics, Clinical Events,

and miR371 Expression Analysis Grouped by Risk of

Harboring aGCM

Individual clinical profiles were aggregated to create clinically
logical risk and tumor volume clusters for harboring aGCM to

demonstrate the performance of miR371 analytics within
low-, moderate-, and high-risk clusters. Risk groups were de-
fined by stringent clinical criteria with known predictive char-
acteristics as follows and as detailed in the Data Supplement.

Low-risk designation was assigned to individuals with risk
estimates based on the composite clinical picture (imaging,
classic marker elevation, and pathologic features of primary
tumor) of less than 25% chance of harboring or developing
aGCM. The low-risk cluster had aGCM tumor volumes
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FIG 2. Schema of the study. Patients with germ cell malignancy from BC Cancer in Vancouver and the Huntsman Cancer Institute in Salt Lake City, Utah,
were enrolled in the study. One patient had blood collected for miR371 before starting chemotherapy but not before surgery for residual viable disease and
was considered unevaluable. The patient samples were divided into the following three risk categories, according to the probability of harboring active germ
cell malignancy (aGCM): low risk (5% to 25% risk), which included patients with postorchiectomy clinical stage (CS) I seminoma and CS IA nonseminoma
with no suspicious signs of relapse on surveillance and patients with or without residual radiologic disease after chemotherapy and normal tumor markers
(TMs); moderate risk (25% to 50% risk), which included patients with postorchiectomy CS IB nonseminoma with no suspicious finding of relapse, patients
with CS I seminoma and nonseminoma with clinical signs of suspicious relapse on surveillance, and patients with low positive TMs after chemotherapy; and
high risk (90% to 100% risk), which included patients with gross clinical metastatic germ cell tumors before starting chemotherapy, patients with testicular
mass before orchiectomy, patients with CS IS, and patients with obvious viable (high positive TMs) residual disease after chemotherapy.

TABLE 1. Two-by-Two Table of GCM Cases and Controls by miR371 Expression or No miR371 Expression

miR371 Expression
GCT History With Clinically

Confirmed aGCM (No. of cases)

GCT History With No
Clinically Confirmed GCM

(to March 2019; No. of controls) Total No.

Plasma miR371 expression on prospectively
obtained sample

44 TPs 0 FPs 44 positive tests

No plasma miR371 expression on prospectively
obtained sample

2 FNs 86 TNs 88 negative tests

Total samples 46 with confirmed aGCM 86 with no confirmed aGCM 132

NOTE. Sensitivity: 44 TPs/44 TPs + 2 FNs = 44/46 (96%). Specificity: 86 TNs/86 TNs + 0 FPs = 86/86 (100%). Positive predictive value = 44 TPs/44 TPs +
0 FPs = 44/44 (100%). Negative predictive value = 86 TNs/86 TNs + 2 FNs = 86/88 (98%) (to June 15, 2019). Median follow-up time from prospectively
obtained sample was 15 months (range, 4 to 36 months). Median follow-up time from time of risk designation was 19 months (range, 5 to 187 months).
Abbreviations: aGCM, active germ cell malignancy; FN, false negative; FP, false positive; GCT, germ cell tumor; TN, true negative; TP, true positive.
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ranging from no malignancy to subclinical volumes of germ
cell malignancy (GCM; , 1 cm with normal markers).16,17

Moderate-risk designation was assigned to individuals
whose composite clinical picture predicted a 25% to 50%
chance of harboring or developing aGCM and who, as
a group, had GCM volumes from none to microscopic or
subclinical (clinical stage IB nonseminoma)18,19 to lower
end of clinical detectability (1- to 2-cm nodal enlargement
and/or mildly abnormal classic markers) and in whom there
was a 20% to 30% likelihood of FP clinical findings.20 High-
risk designation was assigned based on a composite pic-
ture highly suggestive or certain of aGCM and consisted
primarily of patients with GCT with definitive pathologic,
imaging, and/or serologic evidence of aGCM and a risk
estimate for harboring aGCM exceeding 90%. There is no
clinical presentation that can predict a risk of harboring
GCM in the 50% to 90% range. Twenty-one individuals in
the high-risk group were rendered, by virtue of treatment, to
low- or moderate-risk status and were subject to a second
confirmation (or not) of aGCM. These patients had post-
orchiectomy or postchemotherapy samples drawn for
miR371 analysis.

Table 2 lists the detailed clinical characteristics by risk and
volume cluster and results of miR371 expression analysis of
prospectively obtained samples by risk cluster and in total.
The low-risk, low-volume cluster (n = 56) had an un-
expectedly low rate of developing confirmed aGCM (one of
56 patients; 2% v 5% to 25% predicted).21 This low rate of
recurrence may be related to the follow-up time of less
than 3 years or, more likely, to the strict stipulations of
absolutely normal classic markers and strict imaging
criteria (, 1-cm axial diameter adenopathy). The single
patient in the low-risk cluster expressing miR371 is the
only patient who developed aGCM (Data Supplement).

Specificity and PPV of miR371 expression for aGCM in the
low-risk cluster were 100% and 100%, respectively.
Median follow-up from study entry for the low-risk group
was 14.5 months (range, 4 to 35 months). With the
limitation of this follow-up, no FNs were identified, and the
sensitivity and NPV were 100% and 100%, respectively
(Data Supplement).

In the high-risk cluster (n = 35) with a predicted risk of
aGCM exceeding 90%, 32 (91%) of 35 patients had aGCM
confirmed, and 32 of 32 patients with confirmed aGCM
expressedmiR371. Two (6%) of 35 patients in the high-risk
group, despite high expert suspicion for aGCM, had clinical
confirmation of conditions that were not aGCM (two TNs),
and neither patient had detectable miR371 expression
(Fig 2). One (3%) of 35 patients had pathologically con-
firmed aGCM but negative miR371 expression (FN; Data
Supplement). For the high-risk group, the specificity and
PPV of miR371 was 100% and 100%, respectively, and the
sensitivity and NPV were 97% and 67%, respectively (Data
Supplement).

The moderate-risk group (n = 41), with a predicted risk of
aGCM of 25% to 50%, was themost informative. Overall, 12
(29%) of 41 patients demonstrated clinically confirmed
aGCM. The suspected median tumor volume and median
marker elevation were, by design, at or less than the lower
limits of detectability and reliability for classic clinical de-
terminants. All patients lacked definitive marker elevation
or bulky imaging findings, consistent with the risk cluster
definitions. Within the moderate-risk group, miR371
expression was demonstrated in all but one patient with
clinically confirmed aGCM (11 of 12 patients; 92%). One
patient had clinically confirmed aGCM by pathology but
did not have miR371 expression demonstrated in plasma
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FIG 3. miR371 is expressed in patients with clear evidence of active germ cell malignancy. Plasma miR371 was evaluated in the 132 specimens divided as
cases and controls, as reported in Table 1. (A) miR371 cycle threshold (Ct) raw values were used to qualitatively assess miR371 expression, using a cutoff
value of 40 Ct (dashed line). (B)miR371 expression was quantified as fold of expression increase relative to the negative controls, after normalization for miR-
30b-5p, miR39-3p, and miR-451. The black arrows indicate the two patients with false-negative results. aGCM, active germ cell malignancy.
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samples obtained before the clinical confirmation (one
FN; Data Supplement). miR371 specificity and PPV for
aGCM in the moderate-risk group were 100% and 100%,
respectively. Sensitivity and NPV in this group (to date)
were 92% and 97%, respectively. Median follow-up times
for the moderate-risk group from diagnosis and from
prospective collection were 20 months (range, 8 to 97
months) and 15 months (range, 5 to 31 months), re-
spectively (Data Supplement).

Operating Characteristics of miR371 Compared With

Tumor Markers and CT Imaging in Detecting Nonteratoma

Viable GCM

A secondary outcome of our trial design was the ability
to compare miR371 expression analysis with concurrent
individual classic clinical determinants (ie, CT, b-HCG,
AFP, and LDH) with receiver operating characteristic
curves of miR371 in the whole cohort and in the moderate-
risk group (Fig 4). In the whole cohort, the miR371 area

TABLE 2. Clinical Risk Clusters and miR371 Expression

Risk Group (estimated % at risk for aGCM), Clinical
Setting, and Volume Range of Malignancy if Present

No. of Risk
Designations

No./Total No.

miR371
Positive

miR371
Negative

True
Positive

False
Positive

True
Negative

False
Negative

Low risk

Low risk (5%-25%): seminoma CS IA/IB (without
suspicious findings); microscopic to ,
10 mm

20 1/20 19/20 1/20 0/20 19/20 0/20

Low risk (15%): nonseminoma CS IA (without
suspicious findings); microscopic to ,
10 mm

5 0/5 5/5 0/5 0/5 5/5 0/5

Low risk (10% or less): after chemotherapy with or
without residual radiographic findings; 0 to
60 mm with normal markers

31 (8 seminomas,
23 nonseminomas)

0/31 31/31 0/31 0/31 31/31 0/31

Total low risk 56 1/56 55/56 1/56 0/56 55/56 0/56

Moderate risk (25%-50%)

CS IB nonseminoma without suspicious findings;
microscopic to , 10 mm

5 1/5 4/5 1/5 0/5 4/5 0/5

CS I seminoma and nonseminoma with suspicious
findings; 10-30 mm with or without mildly
abnormal markers

34 10/34 24/34 10/34 0/34 23/34 1/34

Seminoma 21 5/21 16/21 5/21 0/21 15/21 1/21

Nonseminoma 13 5/13 8/13 5/13 0/13 8/13 0/13

Postchemotherapy advanced radiographic disease
with stable low-level elevation of AFP before
and after chemotherapy; 10 mm to large
residual

2 (nonseminoma) 0/2 2/2 0/2 0/2 2/2 0/2

Total moderate risk 41 11/41 30/41 11/41 0/41 29/41 1/41

High risk (90%-100%)

Definitive regional or distant disease before
treatment; IGCCC good, intermediate; or poor
risk

28* (10 seminomas; 18
nonseminomas)

25/28 3/28 25/28 0/28 2/28† 1/28

Before orchiectomy 4 4/4 0/4 4/4 0/4 0/4 0/4

CS IS 1 1/1 0/1 1/1 0/1 0/1 0/1

Postchemotherapy definitive evidence of active
residual disease

2 2/2 0/2 2/2 0/2 0/2 0/2

Total high risk 35 32/35 3/35 32/35 0/35 2/35 1/35

Total for all risk designations (all stages and all
volumes)

132 44/132 89/132 44/132 0/132 86/132 2/132

Abbreviations: AFP, a-fetoprotein; aGCM, active germ cell malignancy; CS, clinical stage; IGCCCG, International Germ Cell Cancer Collaborative Group.
*IGCCCG risk classification: good, n = 24 (seminoma, n = 9; nonseminoma, n = 15); intermediate, n = 2 (seminoma, n = 1; nonseminoma, n = 1); and poor,

n = 2.
†No evidence of viable germ cell tumor on pathology (fibrosis and teratoma and rhabdomyosarcoma).
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under the curve was 0.97 (95% CI, 0.9434 to 1.013)
compared with 0.77 (95% CI, 0.6845 to 0.8639; P, .001)
for CT scan and 0.63, 0.75, and 0.68 for AFP, b-HCG, and
LDH, respectively (Data Supplement). In addition, in the
moderate-risk group, in which uncertainty is a significant
clinical challenge,22,23 miR371 outperformed the gold
standard diagnostic methods, as illustrated in the Data
Supplement.

DISCUSSION

Our exploratory study was designed to sufficiently define
operating characteristics of miR371 expression in aGCM
using a prospective, inductive, whole-disease and longi-
tudinal approach to underpin the development of large,
definitive, real-world studies to fully define the practical
clinical utility of miR371 expression in GCT. Our primary
conclusion is that we have confirmed that miR371 ex-
pression, analyzed using low-cost, plasma-based meth-
odology and with qualitative reporting (expressed or not
expressed), has high specificity and PPV (100% and
100%, respectively, in our study) for the presence of aGCM.
It is also noteworthy that miR371 expression outperformed
classic markers and imaging at the lowest levels of current
clinical detection and reliability (moderate-risk group).

The sensitivity and NPV of miR371 expression in aGCM are
incompletely defined by our prospective pilot trial, and the
information available from older retrospective trials does not
complete the sensitivity and NPV picture. In the clinical
setting, sensitivity and NPV are operating characteristics
that can only be fully determined after sufficient follow-up.

In March 2019, a multi-institutional biospecimen collection
and clinical data aggregation effort with centralized serum-
based analysis of miR371 expression was reported.14 The

primary focus of the article by Dieckmann et al14 was in the
prediagnostic setting before orchiectomy, and their study
used classic noncancer controls. Pilot trials by English and
Dutch groups demonstrated that miR371 could be iden-
tified reliably in patients who had intact suspected aGCM
down to a tumor size of 1 cm, and this central prediagnostic
question was confirmed and further informed by Die-
ckmann et al.14 Other conclusions of the effort are limited
by the lack of follow-up and the limited clinical data
available for more advanced patients. However, there were
some general trends that could be identified, including the
fact that miR371 declines rapidly with effective chemo-
therapy and an apparent association between tumor bulk
and higher quantitative levels of miR371.

The primary clinical utilities and practice-changing out-
comes of the upcoming large studies of miR371 are mostly
dependent on its high specificity and high PPV. If the PPV
results seen in our pilot trial hold up across the spectrum of
local and small-volume regional disease in larger trials,
a meaningful consequence should be reduction in less
accurate, more expensive, radiation-associated, and
bothersome body imaging, which is the current backbone
of active and post-treatment surveillance. The accuracy of
miR371 in identifying small-volume aGCM predicted from
our study would also suggest a role in postchemotherapy
assessment for aGCM of residual masses (which is cur-
rently based on surgical resection or frequent imaging).24,25

In our study, 36 patients had postchemotherapy samples
obtained (34 TNs and two TPs), which yielded 100%
specificity, PPV, and NPV for aGCM with a follow-up time
after chemotherapy exceeding 15.5 months (range, 3 to 35
months). Although the sensitivity and NPV await full defi-
nition in the postorchiectomy clinical stage I setting,
miR371 expression in the postorchiectomy setting or in the
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FIG 4. Areas under the receiver operating characteristic curve of miR371, computed tomography (CT) scan, and the classic germ cell tumor markers
a-fetoprotein (AFP), b-human chorionic gonadotropin (b-HCG), and lactate dehydrogenase (LDH) of (A) the whole cohort of samples (n = 132) and (B)
samples from the moderate-risk group. The patients were classified as cases or controls, as reported in Table 1.
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setting of active surveillance before developing classic
clinical abnormalities likely represents persistent or pro-
gressive microscopic disease after orchiectomy. The
presence of miR371 expression in the immediate post-
orchiectomy period could drive rational assignment of
adjuvant treatments (a single cycle of bleomycin, etopo-
side, and cisplatin or primary retroperitoneal lymph node
dissection). In addition, miR371 expression at the time of
clinical presentation or relapse with marker-negative stage
IIA disease can improve the accuracy of the clinical di-
agnosis of recurrent GCM and render unnecessary the
biopsies or continued serial observation currently needed to
proceed confidently to treatment.

Our primary end point was not to perform a prospective
stand-alone study of miR371 in GCT, but to move this
concept forward with alacrity, if appropriate. Moving to
a large practical study to refine the full operating charac-
teristics of miR371 expression analysis in the real-world
setting is warranted by strong signals of clinical utility.
Spurred by the early recognition in our pilot trial of high

specificity with no FPs and the early recognition of three
informative discordant cases, the move to large-scale, real-
world testing has been accomplished with the accelerated
development and recent approval of the concept by the
National Cancer Institute of S1823, the SWOG/National
Clinical Trials Network North American study that will answer
the clinical utility questions around miR371 expression in
early-stage GCT. S1823 will coordinate clinical data and
biospecimens exchange with Children’s Oncology Group
AGCT 1523 trial (Active Surveillance, Bleomycin, Carbo-
platin, Etoposide, or Cisplatin in Treating Pediatric and Adult
Patients With Germ Cell Tumors; ClinicalTrials.gov identifier:
NCT03067181), which addresses the clinical utility of
miRNAs in more advanced GCT. S1823 and Children’s
Oncology Group AGCT 1523 should provide information
sufficient to refine the CIs for sensitivity and specificity, NPV,
and PPV of microRNA expression analysis across the
spectrum of GCT and,most importantly, identify a number of
areas of clinical utility that can potentially change practice in
GCT management and reduce patient burden.
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